Plenum windows that ensure noise reduction and natural ventilation at the same time have been studied by many researchers. Without sacrificing the window transparency and ventilation, limited acoustical treatments could be implemented in the cavity between two glass panes to enhance noise reduction performance of plenum windows, and accordingly the sound insulation performance by plenum windows hits a bottleneck.
J Acoust. 2019;1:e190005. https://doi.org/10.20900/joa20190005 been tested by Sondergaard et al. [11] . The non-transparent sound absorbing sheets were placed either on the glass panes, along with the window frames or on the vents. The laboratory measurement conducted in Ref. [11] shows that the weighted sound reduction index (Rw) can reach 22 dB to 30 dB, which depends on the configurations, as a reference that the weighted sound reduction index (Rw) of an open single top hung window of the same size is 8 dB. Besides, the perforated plates with back cavities installed along the window frame are able to enhance the noise reduction performance, where the improved noise reduction level depends on the perforation rate and the depth of cavities [12] . Moreover, Tang [13] numerically investigated the potential improvement of noise reduction by installing rigid circular cylinder arrays into the window cavity between two partition panels. For the simple cylinder arrangements considered in the study, the traffic noise reduction enhancement observed can be as high as 4-5 dB.
In order to not sacrifice window transparency, besides of using transparent devices, another way to achieve better noise reduction performance is leaving as much as possible space between two glass panes, so that more acoustical treatments could be implemented along the window frame. This is probably the reason that most ventilation windows are much thicker than conventional windows in the mentioned references [5, 11, 12] . Thick windows might not be accepted by the residents in practice, not only because thicker windows are heavier and need more manpower to be installed, but also thicker windows will take more living space.
Considering continuously increased housing prices in high-density cities like Singapore and Hong Kong, thinner windows would be more popular from a cost perspective. To overcome the disadvantage, ventilation partitions with similar configurations, i.e., consisting of two staggered and opaque panels, are proposed in the paper. Ventilation partitions could be built flushed with a bearing wall with conventional windows, therefore will not take extra living space. In this way, transparency is still provided by conventional windows. More importantly, more acoustical treatments could be implemented in the cavity of the ventilation partitions without taking light penetration into account, in this way better noise reduction performance could be achieved. This paper tests the noise reduction performance of six ventilation partitions with different acoustical treatments in the laboratory environment. Also, the noise distribution in the cavities with different configurations will be discussed to clarify how acoustical treatments help to enhance the noise reduction by ventilation partitions.
MEASUREMENT SET-UP
The sound transmission loss (TL) was employed to characterize the height 1.8 m was used to accept partitions of the same size. The measurement was carried out complied with ASTM E90-09 [14] . The noise generator CESVA AP 600 and omnidirectional sound source CESVA BP012 were used to generate and play pink noise in the source room. The use of pink noise is to improve the signal to noise ratio of the measurement at low frequency. The sound pressure levels at 6 points in the source and receiver rooms, respectively, were measured by the sound level meter B&K type 2250 with 1/2 inch microphone B&K 4189. Then the averaged sound pressure levels, and , in the source and receiver rooms can be obtained for computing the TL, that is TL = − − 10 log , where represents the area of the test specimen, is the equivalent sound absorption area of the receiver room measured according to ASTM E2235-04 [15] . 
VENTILATION PARTITIONS
As mentioned earlier, ventilation partitions consist of two partition panels with two staggered openings. This section will present the TLs of ventilation partitions with 6 different configurations of acoustical treatments. As a baseline, the TLs of a ventilation partition without any acoustical treatment and a closed single-layered partition were tested as well. In total, the TLs of 8 partitions were measured and compared.
In this paper, the panels of all the partitions are the same Calcium Silicate Board (CSB) of thickness 9 mm and mass density 1050 kg/m 3 to mimic the acoustical hard wall partitions. In terms of ventilation partitions, the spacing between the two panels is 0.082 m, therefore the total thickness of ventilation partitions is 0.1 m. Figure 2 shows the front view of ventilation partitions. Figure 3 measured in a reverberation chamber referring to [15] and as listed in Table 2 . In Figure 5 , the dash-dotted line presents the TL of Case B0 while the dashed line shows the TL of Case B1, i.e., Closed single-layered partition.
The curves with different markers correspond to the TLs of Cases C1 to C6.
The comparison of Cases B0 and C1 demonstrates that the sound absorber placed along the window frame significantly increases the sound transmission loss, especially at the middle and high octave-band frequencies. For instance, compared to Case B0, the maximum improvement of the sound transmission loss is 11 dB at the frequency 2 kHz using the configuration of Case C1. Compared to Case C4, the additional triangular or square blocks placed in the centre of the cavities (Cases C5 and C6) help to further increase the sound transmission loss, and the sound transmission loss of Case C6 is higher than that of Case C5
probably due to the larger area of sound absorbers exposed to the cavity.
Moreover, the TLs of Cases C2, C3, C6 at the middle and high frequencies are close to or even higher than that of Case B1, which means that ventilation partitions with specific designs can help to isolate the noise as well as a closed partition. In order to prevent the fiber release, the fiberglass should be covered by a cover in reality, accordingly the sound absorption performance of the fiberglass might be affected. On the base of the configuration of Case 6, the paper employed the perforated metal sheet to cover the fiberglass as shown in Figure 6A . The perforated metal sheet composed of stainless steel SUS304 is of thickness 0.5 mm as displayed in Figure 6B ; the diameter of the hole is 1 mm; the distance between two holes is 2 mm; the perforated rate is 22.6%. The TLs of the two cases are plotted in Figure 7 . It can be seen that the TL is slightly decreased due to the presence of the metal sheet.
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(A) (B) In addition, Sound Transmission Class (STC) [16] that rates the sound transmission loss into a single value is frequently used to characterize the noise reduction performance of partitions, and thereafter was employed alternatively for comparing the noise reduction performance of the partitions. The STC rating provides a single-parameter indicator for the speech noise reduction of partitation. The rating methodology is based on the measured spectra of transmission losses (TL) in the previous section compared to a standard reference contour provided by the ASTM E413-04 [16] . The STCs of all the cases are listed in Table 1 . It can be seen that the STCs of Cases C3 and C6 are STC 32, which is 1 STC point higher than that of Case B1. The STC rating of ventilation partitions with acoustical treatment is at least 22 STC points and up to 21 STC points higher than that of ventilation partition without acoustical treatment in the present study.
The questionnaire survey conducted in [17] demonstrates that the air supply provided by the plenum window is not sufficient for residents. The mechanical ventilation system could be involved in the future to supply sufficient air. In fact, more configurations could be proposed to balance noise reduction, light penetration and air supply efficiency based on various requirements.
DISCUSSIONS
In order to understand the noise reduction mechanism of ventilation partitions and how the sound absorbers affect the sound radiation in the cavity between the two panels, the sound pressure levels (SPLs) at 7 measuring points, as depicted in Figure 3 , along the diagonal line on the middle cross-section of the cavity were measured. Figure 8 plots the difference ∆ between the SPLs and the averaged sound pressure level in the source room with respect to Case B0. It can be seen that ∆ at the 7 points is larger or smaller than 0 dB at octaveband frequencies lower than 800 Hz. Besides, even the Point 1 is in front of the opening facing to the source room, the SPL at this point does not always present the largest. The reason is the following: since there is no acoustic treatment implemented for Case B0, the cavity is of hard surface boundaries, the modal behaviour of the cavity plays important roles on the noise radiation in these octave bands. In the contrast, at higher octaveband frequencies, ∆ of all the points is smaller than 0 while that of the points not facing to the openings is similar, which confirms that the sound energy in the cavity might be evenly distributed in the cavity because of the diffuse field in the cavity [18] .
Likewise, ∆ of Case C3 is plotted in Figure 9 as an example, as similar features were found for other cases with the sound absorbers. It can be seen that the variation tendency of ∆ at the 7 points is very different from that of Case B0. Due to the good sound absorption performance of sound absorbers, the SPL at most octave frequency bands decreases as the distance between the measuring points and the opening on the source room side increased. Accordingly, the ventilation partition with the sound absorbers added-in can be taken as a duct silencer. Last but not least, due to the poor sound absorption performance of sound absorbers at low frequencies, the SPLs at low frequencies approximate the averaged sound pressure level , same to Case B0. 
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